the reproductive function has not yet been evaluated. Based on this background, we hypothesized that using a smartphone during meals has an adverse influence on physical conditions, and examined the relationship between smartphone use during a meal and menstrual disorders or body weight gain in post-adolescent female students by conducting a questionnaire survey.
Introduction
The dietary habit is one of the key factors that influence human lifestyles and individuals' quality of life (QOL). It is well-known that representative menstrual disorders such as irregular menstruation and dysmenorrhea can be caused by inappropriate dietary habits [1] . The consumption of fast food and the habit of skipping meals is wide spread among young Japanese women [2] . Previously, we reported that young women who skip breakfast have a significantly higher incidence of dysmenorrhea than those who eat breakfast [3] , suggesting a positive correlation between skipping breakfast and menstrual disorders. It was also demonstrated that young females consuming fast and processed foods have a high incidence of dysmenorrhea [4] . On the other hand, we observed that the frequency of irregular menstruation is increased in young women who are currently on a diet, while the intensity of dysmenorrhea is high in those with a history of dieting in adolescence, providing cautionary evidence that dieting in adolescence has longlasting adverse effects on the reproductive function in young women [5] . From these findings, we deduced that dietary habits during both adolescent and post-adolescent stages are important factors that subsequently influence the reproductive function in the future [6] .
Recent studies demonstrated that mobile phone intervention was associated with significant changes in the body weight and body mass index [7] . It was also demonstrated that self-monitoring of dietary intake using smartphone is as accurate as paper-based records but more acceptable to young women [8] . Smartphone applications for weight loss programs were reported to effectively support weight loss in women who were overweight and obese [9] . Consequently, mobile technologies were proposed to promote healthy weight-related behaviors in young adults [10] .
Mobile phones have widely spread among young students in Japan. Although the usage of smartphones for self-monitoring of the dietary intake or a program for weight loss is now under investigation in the world, the direct influence of smartphone use on food intake or 3) Irregular menstruation: In addition, the participants were divided into 2 groups depending on whether they had regular or irregular menstruation. Regular menstruation was strictly defined as constant 26-32-day intervals in each menstrual cycle, as previously described by Fujiwara [3] .
4) Body mass index (BMI) assessment:
Information on the body mass (kilograms) and height (meters) was obtained from all participants. The BMI was calculated using the formula: body weight in kilograms divided by height in meters squared.
5) Gain of body weight:
The participants were divided into 2 groups depending on whether or not they had experienced 3-kg increase in their body weight during the last 3 years.
Statistical analysis
The data are shown as the mean ± standard deviation (SD). Differences in the grades of dysmenorrhea and the BMI values between Groups I and II were analyzed by the Mann-Whitney test. Differences in the incidence of irregular menstruation and body weight gain between Groups I and II were analyzed by the Chi square test.P-values less than 0.05 were significant.
Results
From the 234 students to whom we sent questionnaires, we obtained 213 responses that were suitable for statistical analysis. Among these 213 students, 143 (67.1%) used a smartphone during meals (Group I), whereas the other 70 students (32.9%) did not use a smartphone while eating (Group II).
There was no significant difference in the grades of dysmenorrhea between Groups I and II (Table 1) . Similarly, there was no significant difference in the incidence of irregular menses between the two groups ( Table 1) .
On the other hand, although there were no significant differences in the BMI between Groups I and II (19.96 ± 2.23 and 19.94 ± 2.28, respectively), the incidence of body weight gain in Group I was significantly higher (59.4%) than that in Group II (37.1%) ( Table 1 ).
Discussion
The present study demonstrated that about two thirds of young female students in post-adolescence had a habit of using a smartphone during meals in Japan. There was no significant relationship between smartphone use during meals and representative menstrual disorders such as irregular menstruation and dysmenorrhea. In contrast, the incidence of body weight gain was significantly higher in those who use a smartphone during meals. As far as we know, this is the first report to focus on smartphone use during meals and examine its relationship with changes in the body weight.
In Japan, adolescents tend to try to lose body weight for cosmetic reasons, and have become conscious of how to control their body weight.Indeed, we previously confirmed that more than 60% of Japanese college students used diet control to reduce their body weight and about 40% of students had undergone dietary restriction in adolescence [5] . However, in Japan, daily lifestyles including dietary habits change after entering university or college and marked adaptations are needed in post-adolescent students. This change may lead to poor self-control of their body weight. In accordance with this speculation, this study revealed that 111 of 213 participants (52.1%) had experienced more than 3-kg body weight gain over the last 3 years.
The precise reasons why those using a smartphone during meals have a higher incidence of body weight gain than the non-using group remain unclear. Taste affects food intake along with other sensory cues such as appearance, smell, texture, temperature, and flavor [11] .In the brain, the system of taste cooperates with the visual, olfactory, somatosensory, and auditory sensory systems [12] and plays an important role in the control of appetite [13] . Among them, the first sensory contact with food is through the eyes in most cases. Accordingly, using a smartphone during a meal is considered to adversely affect taste by reducing visual effects of the food on taste.In addition, it may interfere with other sensory inputs when enthusiastic about handling a smartphone. These aspects can cause a significant delay of pleasantness, resulting in excess food intake.
Conclusions
In conclusion, this study demonstrated that smartphone use during meals is associated with body weight gain. Although the precise mechanism remains unknown, this study newly provides important and cautionary evidence that smartphone use during meals may adversely affect the appetite, interfering with adequate control of food intake. Group I: using a smartphone during meals; Group II: not using a smartphone during meals.
Group I Group II

Dysmenorrhea
There was no significant difference in the grades of dysmenorrhea or the incidence of irregular menses between Groups I and II. On the other hand, although there were no significant differences in the BMI between Groups I and II, the incidence of body weight gain in Group I was significantly higher than that in Group II. Table 1 . The relationship between smartphone usage during meals and dysmenorrhea, the incidence of menstrual cycle irregularity or weight gain.
